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 現地観測は 2014年 8月 18日～10月 20日，2015年 8月 19日～11月 1日に実施した．
観測項目は ADCPによる流速鉛直分布，CTチェーンによる密度分布，波浪・水位，各種気
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交換特性に関する研究，土木学会論文集 B2（海岸工学），Vol.70,	 No.2,	 pp.	I_446-I_450,	2014.	2) 上出貴士：和歌山県沿岸における赤潮−1981年から2000年の赤潮発生状況−,	和歌山農



















































































海表面塩分	 	 (SSS)	 COADS05（月平均）	






















表-4.2 高潮偏差に対する skill	score（SS）とRMSE（m）		 吸い上げあり	 吸い上げなし	
場所	 SS	 RMSE	 SS	 RMSE	
御前崎（O）	 0.7164	 0.0940	 0.0886	 0.1374	
室戸（M）	 0.7737	 0.0932	 0.0329	 0.1203	
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    	 	 	 	   (5.1)	





F = (Fu,Fv ) = ( !u !p , !v !p )






図-5.2 台風 18号紀伊水道接近時（左側，2014年 10月 5日 15:00，UTC）と台風 18号接近時から 2日後


















































































   	 	 	      (5.4)	
で表される．ここで，f	：渦放出振動数，St	：特性ストローハル数，U	：代表流速，h	：
代表長さ（シア流によるせん断層間隔）である．St	は実験的にSt	≈	0.181とされ，平均的な
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バルク法を組み込んだ ROMS をベースにした 2 段ネスト瀬戸内海高解像度海洋流動モデルを構築し， 













































においては，2012 年には 9 月中旬から 10 月初旬にかけ
て 3 つの台風（16 号，17 号，18 号）が，2013 年には 9













図-1	 本研究の解析領域．黒枠：ROMS-L1 およびL2 領域，
カラー：水深分布．2012 年（実線）9 月に発生した台
風 16 号（赤），17 号（緑），18 号（黄），2013 年（点

















じてモデルの再現性を確認したのち，2012 年の 3 つの台
風，2013 年の 2 つの台風に伴う広域 SST 変化の状況につ
いて紹介する．次いで，台風通過に伴う SST 低下時の広
域海洋熱収支変化に関する解析および考察を行う．なお，




























流動モデルのうち，本研究では水平解像度 600 m の
ROMS-L2モデル出力を用いた解析結果について述べる．
ROMS-L2 領域は，東西 480 km×南北 288 km（格子数は
800×480×鉛直 32 層）である（図-1）．海上風，気温，
相対湿度に気象庁GPV-MSMの1時間ごとの再解析値お





















を SRTM30 データ（同約 30 秒）で補完したものを使用
する．鉛直乱流モデルには海表面・海底面の両惑星境界
層に対するKPP モデルを用い，波浪の影響は考慮しない．
ROMS-L1 モデルは 2007 年，L2 モデルは 2008 年から計
算を開始し，それぞれ十分なスピンアップ期間を設定し
ている．本研究の主な解析対象期間は台風の接近時を含









図-3	 ROMS-L2 による海表面水温 SST の瞬間像．左上から，2012/9/17，9/26，10/3，10/9，左中央から 2013/8/28，9/5，9/12，





















2012 年 9 月に日本近海を通過した 3 個の台風と 2013
年 9 月に日本近海を通過した 2 個の台風の経路（ベスト
トラック）は図-1 の通りである．瀬戸内海領域における
海上風速のピーク（絶対値の最大値）は，2012 年は 9/16，
25，30 に，2013 年は 9/4，15 に出現していた（図は割愛）．
2012 年に台風 16 号が九州西岸を通過した 9/16 以降には
黒潮流路を含む瀬戸内海全域で長期的なSST低下が発生
した（図-3，上）．2013 年は 8 月末から SST が低下し，




















べて 2013 年は 9 月中旬から 10 月初旬にかけての領域空









(1) 海面熱フラックス vs. 移流熱フラックス 































	 L2 領域における 2012，2013 年夏期の海面熱収支を見
ると（図-5），長波放射量 LW，顕熱フラックス SE には
顕著な長期変化傾向は見られないが，短波放射量 SW は
夏から秋への季節変化にともない緩やかに減少し，潜熱
フラックス LA は 9 月中旬以降に負の方向に増大（すな
わち蒸発の強化）しており，短波放射と潜熱が正味の海
面熱フラックスQの変動に対して支配的な影響を及ぼし
ていることが分かる．2012 年 9 月中旬からはQ が負に転
じて海面から熱が奪われるため，SST 低下を強化する海
洋構造が形成されていたものと解釈される（前報 3)の
EOF モード 1 に対応）．2013 年は，8 月下旬から 9 月上
旬にかけて生じた西日本を中心とする継続的な大雨によ
る短波放射量の減少に伴い，Q が 8 月末から 9 月初旬に
かけて短期的に負の値となっているが，顕著な海面冷却




LA = ρa L C V (qs − qa) 




図-5	 2012 年（上）と 2013 年（下）夏期のROMS-L2 領域
における各海面熱フラックス（短波放射 SW，長波放















れないことが分かる．このとき，バルク係数C も 9 月中
旬頃から徐々に増加しており，潜熱変化に及ぼす風速の






























空間平均値（2 時間平均）．（上）2012 年台風 16 号通






2013 年 17 号は勢力が弱く，最接近時の風速が小さかっ
たため，台風通過時の海面冷却は弱かった．2013 年 18
号通過時は 2012 年 17 号の場合と同様に，最接近時に顕
著な海面冷却が生じるが，2012 年 17 号のケースとは異
なり，台風通過直後にも潜熱が強化されている（図-7，
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A MESOSCALE HEAT BUDGET ANALYSIS DURING TYPHOON PASSAGES  
AROUND THE SETO INLAND SEA, JAPAN 
 
Yusuke UCHIYAMA and Tatsuya NISHII 
 
We investigate with a detailed downscaling oceanic model on impacts of typhoon passages on up-
per-ocean cooling in and around the Seto Inland Sea, the largest semi-enclosed estuary in Japan. A sea 
surface heat budget analysis is conducted using the heat balance equation based on the outcomes of the 
innermost ROMS-L2 model results. After the mid September, the net heat flux at surface becomes nega-
tive to induce prominent surface cooling and cold-water formation in the upper ocean.  The surface heat 
flux verying with the typhoons are characterized by decrease of short wave (solar) radiation and negative 
latent heat flux enhanced by strong surface wind stress and unstable condition of the lower atmospheric 
boundary layer during the typhoon passages.  The latent heat flux is also strengthened by abrupt de-
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黒潮流路の再現性を向上させるためにTS Nudging（γ =  



































図—1	 ROMS 計算領域（黒枠），2014 年台風 18 号（黄
線）および台風 19号（赤線）のベストトラック，図
-10 で用いる検査線（オレンジ線），観測値（星




計算期間 1/1/2013 – 10/22/2014 
格子数 920 × 720（× 鉛直 32層） 







海表面塩分  (SSS) COADS05（月平均） 






表-2	 高潮偏差に対する skill socre（SS）とRMSE（m） 
 吸い上げあり 吸い上げなし 
場所 SS RMSE SS RMSE 
御前崎（O） 0.7164 0.0940 0.0886 0.1374 
室戸（M） 0.7737 0.0932 0.0329 0.1203 
油津（A） 0.7556 0.0935 0.0869 0.1318 
 














































正と定義．鉛直方向の 1目盛りは 50,000 （ton/s）． 

























































図−9	 図−8と同じ．ただし，カラーは水温偏差．  
 















































図—10	 台風接近・通過期間における（左）水温および（右）鉛直渦動粘性係数 Kvの Hovmöller 図．縦軸：水深，横軸：時間，
実線：KPP による混合層深さ，点線：台風 18 号最接近時．上から，台風経路の左側 50 km，25 km，経路中央，右側
25km，50km 地点に関する結果．  
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MESOSCALE OCEANIC RESPONSES TO TYPHOONS  
IN THE NORTHWESTERN PACIFIC 
 
Yusuke UCHIYAMA and Hiroaki TADA 
 
Typhoons alter the upper ocean dynamics and thermal structure, giving rise to feedback on the atmos-
phere.  Intense ocean surface wind and barometric effects induce rough waves and storm surges that occa-
sionally cause severe coastal disasters. For rigorous oceanic modeling under typhoon conditions, we im-
plement the inverse barometer effect and the COAMPS bulk formula into ROMS.  A submesoscale eddy-
permitting oceanic modeling is configured at a horizontal resolution of 2 km based on the JCOPE2-
ROMS downscaling system forced by the JMA GPV-MSM atmospheric reanalysis.  A retrospective, 
synoptic reanalysis is carried out with a particular focus on the two consecutive super typhoons Phanfone 
(#1418, Category 4, the lowest pressure was 935 hPa) and Vongfong (#1419, Cat. 5, 900 hPa) in the fall 
2014. These typhoons abruptly amplify the volume outflux from the Seto Inland Sea (SIS) at the Bungo 
Channel, leading to the pronounced counter-clockwise circulation that opposes the clockwise overall SIS 
circulation under the normal condition. The model also successfully reproduces increased eddy kinetic 
energy below the typhoons with intense cyclonic positive vorticity driven by torque of the wind stress 
curl, not only at surface but also at depth down to about 100 m deep.  These cyclones are cold-core 
mesoscale eddies with SST decrease by about 3oC associated with prominent mixed layer deepening.   






Three-dimensional transient rip currents: 
Effects of topography on low-frequency motions 
Yusuke Uchiyama1*, Miyuki Kawakami1 
1Department of Civil Engineering, Kobe University 
 
*uchiyama@harbor.kobe-u.ac.jp 
Abstract. Alongshore shear instability associated with longshore currents driven by obliquely incident 
waves, and normal mode instability of offshore-directed rip currents under a near-normal incident 
wave condition are analyzed with the ROMS-WEC model (Uchiyama et al., 2010). The coupled 
wave-current model successfully reproduces 3-D shear waves during the SandyDuck field measure-
ment. Rip current-induced coherent eddies (surf eddies) are generated ubiquitously on a surveyed 
beach topography, having significant depth-dependency that leads to faster decay of enstrophy and ki-
netic energy than 2-D surf eddies. VLFs (very low frequency motions) are excited with a steady wave 
forcing either with the 3-D or 2-D models. The feedback mechanism of current effects on wave (CEW) 
is found to be essential to impel the VLF-EKE (eddy kinetic energy) shoreward. Alongshore irregular-
ity in the beach topography is responsible for enhancing the shore-confined VLF-EKE substantially. 
Keywords: rip current, topography, VLFs, the ROMS-WEC model, CEW, shear instability 
1. Introduction 
  Surf zones act as a barrier between inner-shelf and shoreline by wave-driven 3-D littoral 
currents. However, the barriers are occasionally collapsed by offshore-headed rip currents 
and associated lateral circulation known as rip cells (e.g., Bowen et al., 1969). Offshore erup-
tion of rip currents occurs rather intermittently, leading to the VLFs (very low-frequency mo-
tions) at periods longer than 300 seconds. Randomness and groups in the imposed irregular 
waves are considered to be candidates causing the VLFs that are principally confined near the 
shore according to the field measurements (Reniers et al., 2007).  In turn, Uchiyama and 
McWiiliams (2011) demonstrated that turbulent rip currents readily develop on a realistic to-
pography forced by steady wave forcing with a 3D wave-driven circulation model based on 
ROMS (Regional Oceanic Modeling System) tightly coupled with a WKB spectrum-peak 
wave model (ROMS-WEC; Uchiyama et al., 2010). The present study aims at investigating 
the contradiction between the two studies by using the ROMS-WEC model. We view wave 
refraction on ambient currents (CEW), three-dimensionality of rip currents, and complexity 
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of beach topography as key players that attribute to the shore-confined VLF variability. 
Therefore we carry out series of comparative, 2-D and 3-D littoral current simulations under 
steady offshore wave forcing on the surveyed topographies.   
2. Results and summary  
  Following the pioneering work done by Uchiyama and McWilliams (2011), two surf zone 
problems on a realistic topography are analyzed in the present study. One is shear instability 
associated with longshore currents driven by obliquely incident waves (e.g., Uchiyama et al., 
2009), and the other is normal mode instability of offshore-directed rip currents under a 
near-normal incident wave condition (e.g., Weir et al., 2011; see Fig. 1). The ROMS-WEC 
model successfully reproduces 3-D shear waves during the SandyDuck field measurement 
campaign. They found in 3-D rip-induced coherent eddies (hereinafter referred to as surf ed-
dies) that littoral currents have significant depth-dependency leading to vorticity stretching 
and titling effects and to faster decay of enstrophy and kinetic energy than 2-D surf eddies. 
  Subsequently, we pay particular attentions to effects of inclusion of CEW and randomness 
of the topography. CEW is found to be of inevitable importance in refractive wave ray bend-
ing that induces attenuation of the offshore extent of rip currents (Yu and Slinn, 2003), im-
pelling the VLF eddy kinetic energy (EKE) much to the shore. Irregularity of the bottom to-
 
Figure 1 Plan view plot of instantaneous snap shot of the 3-D rip cells on a surveyed beach to-
pography at Duck, NC, USA, 218 minutes after the initialization. Velocity vectors (black: near the 
surface, red: near the bed) on barotropic relative vorticity (colored contours) . 
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pography is then systematically examined by introducing a parameter that control along-
shore-topographic variability. The more the alongshore irregularity is taken into account, the 
more the surf eddy kinetic energy emerges. The present findings have a pronounced impact 
on changing our insight and understanding of the mechanisms for the VLF pulsation associ-
ated with wave-driven currents. 
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Larval dispersal in the Seto Inland Sea 
analyzed with a 3-D Lagrangian particle tracking 
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Abstract. In order to investigate influences of the Kuroshio path on interannual variability of 
circulations and associated larval dispersal in the Seto Inland Sea (SIS), Japan, an extensive 
offline Lagrangian particle tracking is conducted with a decade-long oceanic reanalysis based 
on a JCOPE2-ROMS double nested downscaling system. The persistent clockwise overall 
circulation in the SIS is found to be dominant, largely affected by the distance to the Kuro-
shio axis from Capes Toi, Ashizuri, and Sionomisaki. The larval dispersal generally occurs 
eastward, mainly induced by the clockwise SIS circulation and thus the transient Kuroshio 
path plays a substantial role.  In summer, the eastward larval dispersal is pronoucedly al-
tered by locally-developed gyres due to so-called “cold dome” formed at depth. In winter, 
many of the larvae released from the Iyo Sea are transported rather westward due to the nor-
therly winter monsoon. 
Keywords: the Seto Inland Sea, Kuroshio, Larval dispersal, Lagrangian particle tracking 
1. Introduction 
  Spatiotemporal variations of the Kuroshio drifting off Shikoku Island, Japan, are recog-
nized to influence on the estuarine circulation in the SIS (Komai et al, 2008). In general, am-
bient currents passively transport marine larvae that are responsible for maintaining the eco-
system in the SIS. Therefore, the coastal dispersal of the larvae in the SIS is influenced by the 
transient impact from the Kuroshio through its seasonal and interannual variability. We thus 
conduct a double-nested high-resolution SIS modeling based on a JCOPE2-ROMS oceanic 
downscaling system for consecutive ten years from 2004 through 2013. An offline Lagrangi-
an particle tracking is then carried out with the ROMS reanalysis to emulate the pelagic larval 
dispersal in the SIS. Primary objectives of the present study are to investigate correlation be-
tween transient variability of the Kuroshio path off Shikoku and associated volume transport 
in the SIS (hereinafter refered to as the SIS through flow), and effects of the Kuro-
shio-affected through flow on the larval dispersal. Analyses are performed with the Lagran-
gian probability density functions of the particles released in the SIS. 
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2. Numerical model 
  Double nested ROMS domains are configured with a 1-way offline nesting technique, em-
bedded in the JCOPE2 reanalysis. Horizontal grid resolutions are consecutively refined from 
about 10 km (JCOPE2), 2 km (the outer ROMS-L1 domain) to 600 m (the inner ROMS-L2 
domain). The outermost boundary and initial conditions are provided by the daily-averaged 
3-D product from the JCOPE2 reanalysis that is then projected on to the ROMS-L1 perime-
ters. Tides are imposed on the ROMS-L2 boundaries, and monthly-averaged discharges from 
major rivers in each domain are considered.  The four-dimensional TS-nudging with the 
nudging strength of 1/20 day-1 is introduced in the ROMS-L1 model toward the 10 
day-averaged JCOPE2 temperature and salinity fields for enhanced reproducibility of the 
Kuroshio path (e.g., Uchiyama et al. 2012). Furthermore, the 20 day-averaged SST and SSS 
computed from the JCOPE2 are applied for the surface flux restoration, so as to avoid 
long-term drift and bias caused by erroneous surface fluxes from the COADS05 monthly 
climatology field and the JMA GPV-MSM atmospheric reanalysis. The computational period 
is chosen for a 10-year period from Jan. 1, 2004 to Jan. 31, 2014. 
 
Fig. 1 : Time series of (a) the distance from Capes toi, Ashizuri, Shionomisaki to the Kuroshio 
main axis for the ROMS-L1, (b) the difference of the sea surface height (SSH), Δζ, between 
Kushimono and Uragami for the ROMS-L2 and the JMA in-situ data, (c) Δζ between Uwajima and 
Shirahama for the ROMS-L2 and the JMA in-situ data, (d) the volume flux at the Kii Channel for 
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3. Effects of Kuroshio path on subtidal circulations in the SIS 
  The Kuroshio runs in the south of Shikoku with inter- and intra-annual variability associ-
ated with straight or meandering path.  These patterns are generally described in terms of the 
distance from capes on the southern shores to the Kuroshio axis (Fig. 1a).  Cape Toi in 
Kyushu Island, Cape Ashizuri in Shikoku Island, and Cape Shionomisaki in Honshu Island 
are indicative locations that measures the path.  For the 10-year period, except for the large 
meander occurred in 2004, the distance from Cape Toi is more variable than those from the 
other two capes.  The sea surface height (SSH) difference (Δζ) between Kushimoto and 
Uragami has widely been used as an index to evaluate how the Kuroshio path is near the 
shore or far to the sea off the southern coast of the Kii Peninsula (Fig. 1b), showing a good 
agreement with the JMA reanalysis. The volume flux (the SIS through flow, Fig. 1d) posi-
tively correlates with Δζ between Uwajima and Shirahama (Fig. 1c) while negative correla-
tion in Δζ between Kushimoto and Uragami is apparent. These results suggest that the Kuro-
shio path varies mostly near the Bungo Channel (the western opening) compared to that near 
the Kii Channel (the eastern opening), responsible for changing the amount of the overall 
 
Fig. 2 : Lagrangian PDFs for the particles released in the Iyo Sea in summer (left) and winter 
(right) after the advection time of 30 days. Open circles indicate all the release patches de-
ployed in the Iyo Sea. 
 
 
Fig. 3 : Same as Fig. 2 but in the Harima Sea. 
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clockwise (positive) SIS through flow significantly.  
4. Larval dispersal simulation 
  A three-dimensional Lagrangian particle tracking is then carried out with the modeled SIS 
circulation field. About 100 Lagrangian particles are equally distributed and released from the 
34 patches in the Iyo Sea and the 48 patches in the Harima Sea at z = -0.5 m at 24-hour in-
tervals from 2004 until 2013, and are integrated over the advection time of 30 days. Figures 
2 and 3 show Lagrangian PDF, the probability density function of particle displacement after 
a given advection time (Mitarai et al., 2008), in summer and winter in the Iyo Sea (Fig. 2) 
and the Harima Sea (Fig. 3). In summer, the larvae released from the Iyo Sea are transported 
eastward due to locally-developed anticyclonic gyre associated with the subsurface cold 
dome structure, while in winter, many of them are transported rather westward due to the 
northerly winter monsoon. In the Harima Sea, the larvae released in summer are trapped by a 
well-developped cyclonic gyre to remain in the source area, while in winter, the persistent 
eastward transport is predominant due to the clockwise SIS through flow energized by the 
Kuroshio drifting (Fig. 1d). 
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Abstract. Coastal marginal seas and estuaries are generally dumpsites for wastewater from 
sewage and power plants (e.g., Uchiyama et al., 2014). Accidental leakage of toxic materials 
may result in serious hazardous incidents that should be predicted and assessed urgently upon 
the occurrence. We thus develop an offline passive tracer model by exploiting oceanic rea-
nalysis outcomes and analyze differences in spatiotemporal variability of the leaked tracers in 
an estuary and a continental shelf margin on the Pacific side of Japan. In the estuary, tidal os-
cillations enhance short-term dilution locally, while the month-long transport is dominated 
rather by inter-seasonal variability of the clockwise circulation of the estuarine through flow. 
On the marginal coast, the Kuroshio and associated secondary lateral circulation readily traps 
the tracer, leading to immediate transport mostly in the alongshore direction. The seasonal 
difference in the tracer dispersal is apparent such as sporadic offshore tracer eruption epi-
sodes, depending on the locations of the Kuroshio axis. 
Keywords: ROMS, coastal dispersal, offline tracer model, Eulerian passive tracer 
1. Introduction 
 It is generally true in Japan that nuclear power plants and sewage treatment plants are locat-
ed mostly in the coastal areas. If accidental leakage of toxic materials occurs, it may cause 
hazardous influences on marine environment. We therefore develop an offline passive tracer 
model that computes 3-D dispersal of arbitrary Eulerian tracers with a point source capability 
by exploiting 3-D oceanic model reanalysis and prediction such as JCOPE2 (Miyazawa et al., 
2009) as an urgent oceanic assessment tool. An advantage of the offline tracer model over 
simultaneous (viz., online) simulations of hydrodynamics and tracer transport is its computa-
tional efficiency that is requisite for immediate forecasts. The offline model is applied to in-
vestigate seasonal variability of tracer dispersal released from two particular sites as test cases. 
We choose 1) Ikata in Ehime Prefecture located on the Iyo Sea coastline in the western part 
of the Seto Inland Sea (hereinafter SIS), and 2) Hamaoka in Shizuoka Prefecture is on the 
Pacific coast which is an open coast affected by the transient Kuroshio. Mimicking the oce-
anic leakage upon the accident occurred at the Fukushima Dai-ichi Nuclear Power Plant in 
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the spring 2011, the tracer is discharged for 11 days in 4 different seasons since the 1st days 
in Feb., May, Aug., and Nov., 2013, and is tracked for 31 days after each release. 
 
2. Reproducibility of the offline tracer model 
 The offline computation is carried out for each site by using the pre-computed 3-D flow 
field with a double-nested JCOPE2-ROMS oceanic downscaling model of the SIS. Figure 1 
shows comparison of the surface tracer concentration in Bq/m3 on the 31st model day in the 
spring (May) condition in the Iyo Sea by the online tracer model (left) and that by the offline 
tracer model (right). Both the cases exhibit a similar dispersal pattern where the northeast-
ward transport is dominant, demonstrating that the offline model agrees well with the online 
model. The offline computational cost is significantly reduced by about 1/20 compared to the 
online model. The offline model is suitably run on a single quad-core CPU workstation, 
whereas the online model needs a LINUX cluster for a reasonably short computational time. 
3. Seasonal tracer variability in the SIS 
In May (spring) and August (summer), the tracer is mainly transported northeastward while 
the southwestward transport is predominant in November (fall) and February (winter). In 
general, the subtidal mean circulation in the SIS is persistently clockwise (e.g., Uchiyama et 
al., 2012) that leads to the northeastward transport. The monthly mean temperature along the 
transect off Ikata (the black line in Fig.1) represents that a cold core water mass exists at 
depth within 5-60 m below the surface in May (Fig. 2). This structure corresponds to the 
so-called “cold dome” (Chang et al., 2009) which is the remainder from the cold water 
formed in winter and has regularly observed in the Iyo Sea (as well as the Harima Sea and the 
Suo Sea where the basins are semi-isolated by shallow straights) during spring and summer.    
A counter-clockwise lateral circulation near the surface is thus developed geostrophically by 
this density structure (Fig.2), promoting the northeastward tracer transport. The cold dome 
 
Fig.1 Surface tracer concentrations in Bq/m3 for the online (left) and the offline (right) cases on the 
31st days since May 1st, 2013. The release site (red circle mark) corresponding to the Ikata NPP in 
the Iyo Sea. The black line denotes the transect used in Fig.2. 
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keeps staying in the Iyo Sea to maintain the counter-clockwise circulation until summer  
(Aug.). In contrast, in fall and winter, seasonal southeastward wind is predominant and 
southwestward Ekman transport is developed accordingly. In November (Fig. 4), a divergent 
pattern in the surface wind is formed near the shore characterized by a partial northeastward 
dispersal, while it is not that obvious in February when the southwestward transport is evi-
dent. The tracer bifurcation occurred in the middle of the Iyo Sea is affected by the bifurcat-
ing wind stress curl (Fig. 3). Change of the sign occurs in the Iyo Sea that promotes the sepa-
rating dispersal pattern in November, whereas the weak and positive stress curl is widely dis-
tributed in the entire Iyo Sea in February (not shown).  
4. Seasonal tracer variability in the Pacific coast   
 
 
Fig.2 Cross-sectional plots of the monthly-mean 
temperature (upper) and northeastward velocity 
(lower) along the transect (the black line in 
Fig.1) in May, 2013. 
 
 
Fig.3 Monthly-averaged wind stress curl 
(N/m3) in the western part of the SIS in Nov., 
2013. 
 
Fig.4 Sequential plots of the 10 days-averaged results from the offline case in Nov. (fall), 2013. 
Surface velocity vectors are plotted on surface tracer concentration in color. 
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 The comparative offline tracer computation is conducted for the open coast condition af-
fected significantly by the Kuroshio. The tracer is released from Hamaoka near Cape Oma-
ezaki in the same way as the SIS cases. The location of the transient Kuroshio axis near the 
coast lines plays a key role in the tracer dispersal (Fig. 5). The secondary circulation develops 
between the Kuroshio and the coastline readily traps the released tracer, promoting the east-
ward transport with sticking to the shore around the release site in May. In the late May, a 
cyclonic gyre is enhanced off Hamaoka, resulting in the westward transport with inflowing 
flux into the Ise and Mikawa Bays. However, once the Kuroshio largely meanders in No-
vember, the secondary circulation grows seaward to form a large gyre and standing 
mesoscale eddies, inducing predominant eastward transport along with sporadic diluted 
southward transport far to the offshore by about 32oN. The shore-attached transport is found 
also in February, although the offshore episode is dominant in August, depending on the lo-
cations of the Kuroshio axis relative to the shore.  
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測を複数年にわたって実施し，これまでに 2009 年 18





























































































































図-3	 和歌山県田辺湾湾口海域における 2015 年 8/20〜11/2 の連続観測結果．上から，平均水位，水温鉛直分布，塩分鉛直分
布，海面気圧，北向き流速，東向き流速，上向き鉛直流速，海上風ベクトル，有義波高，有義波周期の時系列．	





































































































































2) 上出貴士：和歌山県沿岸における赤潮−1981 年から 2000







































15) Bearman,	P.	W.:	On	vortex	 street	wakes,	 J.	Fluid	Mech.,	Vol.	28,	pp.	625-641,1967.	
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	UPPER-OCEAN	DYNAMICS	AND	WATER-EXCHANGE	AT	THE	ENTRANCE	OF		A	SEMI-ENCLOSE	BAY	UNDER	STRATIFIED	AND	UNSTRATIFIED	CONDITIONS		Yusuke	UCHIYAMA,	Tomomichi	YOSHIKI,	Hiroaki	TADA,	Yasuyuki	BABA,		Hideaki	MIZUTANI,	Teruhiro	KUBO,	Nobuhito	MORI,	Ayumi	SARUWATARI,	Junichi	OTSUKA,	Junichi	NINOMIYA,	Yasunori	WATANABE	and	Tomohito	YAMADA		For	rigorious	description	of	upper	ocean	dynamics	and	resultant	volume	transport	at	the	mouth	of	Tanabe	Bay,	Wakayama,	Japan,	a	comprehensive	field	campaign	was	conducted	from	summer	to	fall	of	2015.	The	vertical	structure	of	transient	dynamics	in	the	surface	boundary	layer	and	consequent	water	exchange	at	the	mouth	are	characterized	by	high-frequency	variability	peaked	at	around	the	semi-diurnal	 period	 as	well	 as	 in	 the	 lower-frequency	 subtidal	 band	 centered	 at	 2-3	 day	 period,	consistent	 with	 the	 previous	 modeling	 study.	 A	 spectral	 coherence	 analysis	 indicates	 that	 near-surface	currents	are	mainly	driven	by	wind	stress	peaked	at	the	diurnal	frequency,	whereas	subsur-face	currents	fluctuate	rather	by	semi-diurnal	internal	tides.	The	upper	ocean	cools	down	gradually,	corresponding	 to	 seasonal	 transition	 from	 summer	 to	 fall	 condition.	However,	 an	 abrupt	 cooling	event	is	observed	albeit	in	a	calm	local	forcing	condition	where	an	offshore	subtidal	cold	water	in-trusion	induced	remotely	by	the	fluctuating	Kuroshio	path	plays	an	essential	role.	
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IMPACTS ON THE KUROSHIO DUE TO TYPHOONS  
OFF SHIKOKU ISLAND AND KII CHANNEL 
 
Hiroaki TADA and Yusuke UCHIYAMA  
 
A submesoscale eddy-permitting oceanic reanalysis is carried out with exploiting the JCOPE2-ROMS 
downscaling system forced by the JMA GPV-MSM atmospheric reanalysis with a particular attention to 
the two consecutive super typhoons Phanfone and Vongfong in the fall 2014. On the Pacific side of Japan 
off Shikoku Island, the Kuroshio main body oscillates horizontally and vertically upon collisions with 
near-inertial internal gravity waves maintained by inertial resonance in the mixed layer, followed by sub-
stantial alteration of the Kuroshio path in the downstream region. A velocity rotary spectrum extracts a 
distinct peak in the near-inertial frequency band on the offshore side of the Kuroshio with clockwise rota-
tion due to near-inertial oscillations caused by the typhoons. On the coastal side, it peaks at around peri-
ods of about 3 days with counter-clockwise rotation, which correspond to the shedding frequency of 
mesoscale eddies released from Cape Ashizuri. These eddies are enhanced by the typhoons to promote 
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Synopsis 
This paper shows some results of a field observation carried out in the summer of 
2014. The vertical profiles of currents and water temperature have been measured as 
well as wave and wind conditions, and salinity and dissolved oxygen level observations 
have been carried out at the observation tower of Shirahama Oceanographic Observatory. 
In the summer in 2014, a total of 4 typhoons (No.11, No.12, No.18 and No.19) 
approached to the Kii peninsula, and the high wave and strong wind conditons due to 2 
typhoons (No.18 and No.19) have been captured during the observation. When the 
typhoons passed around the observation site, the high wave and strong wind occurred. 
However, the observation data of 2014 doesn't have clear shift of water temperature and 
salinity like the one by the typhoon No.18 in 2013. On the other hand, it is repeatedly 
found in the observed data that the reduction of water temperature and the increase of 
salinity happened simultaneously. This result indicates that the water temperature and 








































Fig. 1 Temporal variations of the observed data at the observation tower 
(Top: precipitation and air temperature at Shirahama airport, 2nd: wind velocity and wind direction, 
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Fig.3 Temporal variations of wind, wave, salinity and 
water temperature (Typhoon 201411) 
 
 
(a) typhoon No.11 
 
 
(b) typhoon No.12 
 
 
(c) typhoon No.18 
 
 
(d) typhoon No.19 
Fig. 2 Tracks of typhoon in 2014 
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Fig.4 Temporal variations of wind, wave, salinity and 



























Fig. 5 Temporal variations of wind, wave, air pressure 






































Fig.6 Sea surface temperature around Kii channel on 





































Fig.7 Frequency analysis of water temperature at 30m 
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Synopsis
This paper shows some results of a field observation carried out in the summer of
2015. The vertical profiles of currents and water temperature have been measured as
well as wave and wind conditions, and salinity observations have been carried out at the
observation tower of Shirahama Oceanographic Observatory. In the summer in 2015, no
typhoon approached around the observation site, and the high wave and strong wind
conditions have not been captured during the observation. Several short-term rainfalls
due to front and low pressure occurred, and it is reported that local areas in Shirahama
town and neighboring towns suffered some damages with windblasts from late August to
early September. It is found in the observation results of water temperature that the
temporal variations of water temperature have a period of 3 to 6 days in the deeper
layers like 20m deep and 30m deep. The cyclical fluctuation of water temperature at
30m deep has opposite phase to the fluctuation of salinity. This result means that low
temperature and high salinity water approaches to the observation site periodically and
that some influences of the water mass of the open sea exist.
キーワード: 現地観測，台風，海水温および塩分濃度の変動




















































































































Fig. 1 Temporal variations of the observed data at the observation tower
(Top: precipitation and air temperature at Shirahama airport, 2nd: wind velocity and wind direction,

















































Fig. 2 Tracks of typhoon No.15 in 2015
(from Digital Typhoon Data)








Day from Aug20 2015
Salinity (PSU)
Water temperature (deg)
Fig. 3 Temporal variations of water temperature and





































































Day from Aug20 2015
Salinity (PSU)
Water temperature (deg)
Fig. 4 Time-frequency analyses of water temperature and salinity at 30m deep
(Top: temporal variations of water temperature and salinity, middle: time-frequency analysis of water
temperature, bottom: time-frequency analysis of salinity)
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Fig. * Time-frequency analyses of water temperature at 5m, 10m, 15m, 20m and 25m deep
Fig. 5 Time-frequency analyses of water temperature at 5m, 10m, 15m, 20m, 25m and 30m deep
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Photo 2 Damages of the roof and wall by windblast
Fig. 6 Rader image of rain cloud at 4AM on Aug 30,
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Dots: 1min averaged wind speed
Broken: maximum instantaneous wind speed
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Fig. 7 Temporal variations of wind speed at the
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